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water content (2.61%), water activity (0.40), and hygroscopicity (8.24%) of
the microcapsules. Although the solubility (95.54%) and colour attribute
(darker) of microcapsules decreased, the microcapsules obtained had a
perfectly spherical particle shape with a smooth surface and a smaller
particle size (2.304 pm). In conclusion, MDE-AG-BCD coating material is
highly recommended for seafood flavour enhancer microcapsules.
INTRODUCTION

Brown seaweed has long been used in the food industry, especially as a source of

Wall materials;
Molecular inclusion.

alginate. Sargassum sp from Indonesia is a species of brown seaweed with very abundant
availability (Puspita ef al., 2020). Sargassum sp contains a high proteinmvmponent,
around 6.21-8.54% (Dewinta et al., 2020). These proteins contain various amino acids,
such as glutamic acid and aspartic acid, with high concentrations (Pratiwi ef al., 2021).
In their free form, glutamic acid and aspartic acid produce a distinctive aroma and have
been developed as umami flavour enhancers (Mouritsen ef al., 2012).

The umami flamr of brown seaweed has aroused the interest of researchers in
recent years (Viera ef al., 2018; Mouritsen et al., 2019; Milinovic ef al., 2020).
Recegy, brown seaweed Sargassum aquifolium from Indonesia was reported to have
high levels of glutamic acid and aspartic acid, so it has the potential to be developed as a
source of umami (Pratiwi ef al., 2021). Umami compounds generally have low thermal
stability and quickly degrade during drying and processing (Zhou ef al., 2017). Spray
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drying has been proven to increase the thermal stability of umami compounds. Adding a
coating agent in the spray drying process significantly protects the umami compounds
during drying (Bu ef al., ml).

Coating material is one of the determining factors for the success of
microencapsulation process of umami compounds (Wang and Selomulya, 2020).
Maltodextrin (MDE) has been used in microencapsulation process of free amino acids
from brown seaweed (Nurhidajah et al., 2021), as well as Arabic gum (AG) in the
microencapsulation process of umami compounds from hydrolyzed rebon shrimp protein
(Suparmi et al., 2021). Other researchers used a combination of MDE and AG to
microencapsulate umami compounds from free amino acid extracts of crab waste (Yusuf
et al.,, 2021). However, MDE and AG is considered not optimal, the efficiency of
microencapsulation and yield of product still need to be improved. In addition,
microcapsules obtained tend to be hygroscopic, and the umami component in
microcapsules is still easily degraded during processing (Larasati ef al., 2019).

Recent studies have revealed that the miition of B-cyclodextrin (BCD) in coating
material formula can significantly restrain the degradation rate of flavour and aroma-
producing compounds during processing and storage (Pellicer ef al., 2019). BCD is a
cyclic oligosaccharide that has excellent thermal stability. The structure of BCD is unique
because it allows the formation of inclusion complexes that trap all or part of the guest
molecules in their hydrophobic cavities, mainly throuﬁ hydrogen bonds (Reineccius ef
al., 2002; Charoenlap et al., 2004). It is just that the solubility of BCD in water is
relatively low compared to other linear dextrins, so the ratio of adding BCD needs to be
evaluated (Szente and Szejmzmm; Krishnaswamy ef al., 2012).

This research aimed to improve the physical and chemical properties of umami
flavour-enhancing microcapsules from freeanino acid extract Sargassum aquifolium
using MDE, AG and BCD coating materials by spray drying method, which is considered
the most feasible, economical and applicable method. For this reason, the obtained
microcapsules were characterized in terms of yield, moisture content, water activity,
hygroscopicm, solubility, colour properties, morphological characteristics and particle
size, also L-glutamic acid content as a source of umami taste.

MATERIALS AND METHODS

Brown seaweed species Sargassum aquifolium collected from the coast of Garut,
West Java, Indonesia. Coating materials include MDE with Dextrose Equivalent (DE) 9-
13 (Neo-Maldex), AG (Ingredion), and BCD (Sigma-Aldrich). Distilled water, HCI
(Sigma-Aldrich) and L-glutamic acid (Megazyme). The brown seaweed was first cleaned
of impurities, then dried using a drying oven (Agrowindo OVG-12) at 60 °C for 6 hours,
and ground using a disc mill (Agrowindo AGC-15) to obtain seaweed powder. Extracting
umami compounds was started by preparing 50 g of Sargassum aquifolium powder, then
extracting with 1000 mL of distilled water in a beaker glass. Extraction temperature was
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kept constant at 70 °C using a magnetic hot plate stirrer (Ika Magnetic Stirrﬂ; C-MAG
HS7). Stirring speed is 180 rpm for 30 minutes (Nurhidajah et al., 2021). The extract
obtained was then filtered (Whatman No. 41), and the filtrate was frozen until used.

Microencapsulation of umami flavour compounds from Sargassum aquifolium
extract refers to previous studies (Nurhidajah ef al., 2021; Yusuf et al., 2021) with
slight modifications. Sargassum aquifoloium extract was prepared, then MDE-AG (9:1),
MDE-AG-BCD (9:0,5:0,5) and MDE-BCD (9:1) added 30% (w/v). Then it was
homogenized separately using a homogenizer (DaihaE{G- 15D) for 15 minutes at 3000
rpm and then dried with a BUCHI Spray Dryer B-190 at an inlet air temperature of 120+5
°C, an outlet temperature of 80+5 °C, a feed flow rate of 6.0 mL/minute, and a pressure of
1.5 bar. The obtained microcapsules were then packed in a vacuum sealer and stored until
analyzed.

The analysis carried out included yield, L-glutamic acid content using a kit from
Megazyme (Nurhidajah ef al., 2021); water content using a moisture analyzer
(Shimadzu MOC63u); water activity (Rotronic Hygropalm-HP23-Aw-A); hygroscopicity
(Yusuf ef al., 2021); solubility (Vidovic et al., 2014); colour characteristics using the
Minolta CR-310 Chromameter (Caparino ef al., 2012); particle morphology using the
Scanning Electron Microscopy method with the JSM-6510LA (Jeol Ltd); and particle
size analysis using the LLPA-C10 (Labron Equioment Ltd).

RESULTS AND DISCUSSION

1. Product yield

Product yield is presented in Table (1). Coating material type significantly affects
the yield of microcapsules (40.92 to 46.21%); the highest product yield is produced from
the MDE-BCD coating material. Adding BCD in coating material formula appears to
positimy affect product yield, whereas the presence of AG gives the opposite result. The
same results have also been reported by previous researchers (Yusuf ef al., 2021). This is
because AG has a short chain branch structure which is hydrophilic so that it sticks more
to the wall of the spray dryer (Tonon ef al., 2010). The increase in product yield with the
addition of PCD in coating material formula was also observed by Laokuldilok ef al.
(Zﬂlﬁ}éCD has a high molecular weight, and its addition to the coating material formula
causes an increase in glass transition temperature of the particles (Truong et al., 2005).
Under these conditions, rate of physicochemical changes in the product, such as
stickiness, collapse, and clumping to agglomeration will decrease so that more coating
material is available to form microcapsules, and the product yield increases (Quispe-
Condori ef al.,2011).
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2. L-Glutamic acid content

Microcapsules obtained had relatively high levels of L-glutamic acid, ranging
from 047 to 0.51 g/100g (Table 1). It can be seen that the combination of MDE, AG and
BCD as coating material significantly produced the highest levels of L-glutamic acid
compared to MDE-AG and MDE-BCD. MDE has a chemical structure suitable for the
entrapment of umami compounds as a core material (Mayasari et al., 2020). AG can
form excellent films; thus, more core material will be trapped (Mahdi et al., 2020). BCD,
as a coating material, will form a hydrophobic hollow structure; through its hydrogen
bonds, it will trap the core compound molecularly through the inclusion complex.
Furthermore, BCD with its excellent thermal stability will protect the core compound
from external disturbances during the drying process (Deng et al., 2022).

Table (1): Physicochemical characteristic of microcapsules based on various types of
coating materials

Type of coating material

Analysis MDE-AG MDE-AG-BCD MDE-BCD
Yield (%) 4092 +0.89° 42.18+0.73" 46.21 £0.56°
L-glutamic acid (/100 g) 047 +0.02° 0.55+0.02° 0.51+£001°
Moisture content (%) 246+0.18° 261 +082° 2.54+0.24°
Water activity 043 +0.01° 040 +001* 041+0.01°
Hygroscopicity (%) 10.33+0.11° 8.24 £0.82° 9.38 +0.34"
Solubility (%) 97.40 £ 0.62° 95.54 + 0.39" 9408+021"

Values are a: average * standard deviation of 5 replicates. Different superscripts in the same line show
statistically significant differences (p<0.05), as determined by the LSD test.

3. Moisture Content and Water Activity o
16

Moisture content and water activity of the microcapsule can be seen in ']mle (1).
It was concluded that the type of coating material had a significant effect on Moisture
content and water activity of the product. Moisture content of the microcapsules ranged
from 2.46 to 2.61%. The presence of BCD in the coating material formulation showed a
significant incre in water content. The same result was also repaed by Pasrija ef al.
(2015), where there was an increase in the water content of green tea extract
microcapsules with the addition of BCD. This is because the PCD molecules form
hydrophobic cavities to trap the core material so that some of the water molecules are
difficult to evaporate during the drying process (Zhu et al., 2019). According to
Manickavasagan et al. (2015), products with a moisture content below 5.0% meet
commercial powder products' requialents because they tend to be safe for storage.
Other researchers suggested that the moisture content of spray-dried powder is expected
to be in the range of 4-5% for storage stability (Ghandi ef al., 2012). Microcapsules with
too low a moisture content tend to have a high water activity. As seen in Table (1), the
water activity of microcapsules tends to increase (0.40-0.43) when the product's water
content is lower. However, the value of the water activity of the microcapsules in this
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study was still quite good. The threshold for the activity value of dry powder product
water is 0.6. This is related to the problem of coagulation, physicochemical stability, and
total acceptability of the product to be produced. Besides that, microbial contamination

problems may also occur when the water activity value of the product is too high (Chew
etal.,2018).

4. Hygroscopicity and Solubility

Microcapsules had a hygroscopicity value of 8.24a 10.33, with a solubility of
94 08 to 97.40% (Table 1). Microcapsules hygroscopicity in this study was lower than in
previous studies using MDE as a coating material (Nurhidajah et al., 2021). Chew ef al.
(2018) also observed a decrease in the hygroscopicity of kenaf seed oil microcapsules
after being coated with AG and BCD. The decrease in microcapsule hygroscopicity is
associated with the limited presence of hydrogen and hydroxyl groups in AG and BCD
molecules (Fernandes et al., 2014mjnlike hygroscopicity, solubility of microcapsules
was seen to decrease significantly with the addition of AG and BCD. In contrast, the
presence of MDE will increase product solubility. This is because the MDE structure has
a very high hydroxyl group (Avila ef al., 2015). In addition, solubility of BCD in water at
room temperature is relatively low. BCD structure is hydrophobic and the hydrogen
bonds between the hydroxyl groups will cause the structure to become rigid (Szente and
Szejtli, 2004; Krishnaswamy ef al., 2012).

5. Color Properties

Colour attribute is one of the crucial attributes in food products because it is
related to the sensory appeal. Colour coordinates of microcapsules can be seen in Table
(2). Microcapsules have a bright colour where the L (lightness) value ranges from 68 .45-
70.86. The brightness of microcapsules is strongly influenced by the L value of the
coating material. BCD, MDE, and AG have L values of 99.28, 98.39 and 91.95 (data not
shown). The hue and chroma values represent the colour angle and colour intensity. The
hue value of the resulting microcapsules ranges from 87.26 — 87.79°, so the
microcapsules tend to form a yellow colour (Hutching, 1999). The colour intensity of the
microcapsules is relatively low (8.81-9.83); thus, the colour of the microcapsules
produced is faded yellow. Compared to previous studies, the microcapsules in this study
tend to have darker colour characteristics (Nurhidajah ef al., 2021). However, it appears
that the combination of various coatings used did not affect the colour attributes of the
microcapsules.
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Table (2): Color characteristic of microcapsules based on various type of coating materials

Type of coating material

Analysis MDE-GA MDE-GA-BCD MDE-BCD
L#* 70.86 = 0.80° 70.70 £ 0.02° 68.45 +0.49°
Hue (°) 87.38+0.77° 87.26 + 0.68" 87.79 +0.11°
Chroma 8.81+ 043" 048 + 1.34" 9.83 +0.95"

Values are the elaelge of the standard deviation of 5 replicates. Different superscripts in the same line
show statistically significant differences (p<0.05), as determined by the LSD test.

Fig (1). SEM micrograph of microcapsules with (A) MDE-AG; (B) MDE-AG-BCD; and (C)
MDE-BCD

6. Morphology of Microcapsules

The morphology of microcapsules with MDE-AG, MDE-AG-BCD and MDE-
BCD was shown in Fig. (1). All types of coating materials produce particles in a spherical
shape. The MDE-AG microcapsule has a surface that tends to be dented on several sides,
tiny particles attached to the surface, and the MDE-BCD microcapsule. In comparison,
MDE-AG-BCD produces microcapsules with a perfect moon shape and a smooth surface.
The inclusion complex phenomenon is seen in MDE-AG-BCD. The lipophilic BCD cavity
provides a suitable environment for trapping umami compounds from Sargassum
aquifolium extract; this is confirmed in the data of Table. 1, where the highest levels of
aicrocapsule L-glutamic acid were obtained with the MDE-AG-BCD coating raterial.
The ability of BCD to form complexes is also influenced by many Eors, such as the size
of the guest molecule and the thermodynamic interaction between the guest molecule and
the solvent. The formation of hydrogen bonds between BCD and flavour molecules will
stabilize the inclusion complex that is formed (Saffationpour, 2019). Flavour inclusion
complexes with PCD are known to form large agggmpates in water. These aggregates
usually have a regular geometry and are thought to increase the thermal stability of the
liquid during drying. The excellent film-forming ability of AG also promotes the
protection of flavour components during drying (Mahdi ef al., 2020). This is why MDE-
G-[}CD microcapsules have a smooth surface and a perfectly round shape.

7. Particle Size Distributions

Particle size distribution of microcapsules ranged from 1.119 — 98.50 pm (Table
3). Not much different from the report by Nurhidajah et al. (2021), who observed the




817 Microencapsulation of seafood flavor enhancers from Indonesian brown seaweed

particle size of microcapsules (0.19 — 94.57 um) with the same material, and was lower
than the report by Mayasari ef al. (2020), who used MDE as a coating material for the
source of umami (43.14- 101.71 pm).

Table (3): Particle size distribution parameters of seafood flavor enhancher microcapsule

by different wallaaterials
Wall materials d43)/ pm d@32)/ pm d@©.1)/pm d(0.5)/pm d(0.9)/ pm

MDE-AG 37.688 30.828 19.238 34.096 60.373
MDE-AG- BCD 43.854 2.304 1.119 10.540 98.530
MDE-BCD 26.129 9.809 4.508 16.013 56.866

The distribution of each combination of coating materials has been observed (Fig.
2); MDE-AG coating materials produce the largest size with an average surface area of
particles reaching 30.828 um. Particle size of MDE-AG is 3-15 times larger than that of
MDE-AG-BCD (2.304 annd MDE-BCD (9.809 pum) coatings. AG as a coating
material will increase the stability of the emulsion, as seen from the increase in the
viscosity of the liquid formed (Dickinson ef al., 20@. Previous studies explained that a
higher emulsion viscosity would contribute to the larger droplets formed during
atomization, resulting in larger particles (Fernandes et al., 2014). Particle size is an
important characteristic of microcapsules because of its strong influence on the
dispensability of microcapsules. Microcapsules with small particle sizes have better
dispensability to water. Nurhidajah ef al. (2021) reported that particles with small
diameters require a longer wetting time due to lower particle porosity.

g1 MDE- BCD
[+
E 8
2, T __wMDE-AG
> MDE-AG- BCD / —
4 ""x._
2

f

0 1 10 100 1000
Particle size distribution (um)

Fig (2). Particle size distribution of microcapsules by different coated materials
CONCLUSION

This study succeeded in achieving its goal of making seafood flavour enhancer
microcapsules from free amino acid extracts of Sargassum aquifolium using MDE, AG
and BCD coating materials. The addition of AG and BCD in the coating material formula
significantly increased the yield and levels of microcapsule L-glutamic acid. Not only
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that, improvements were also seen in the quality of microcapsules in the form of moisture
content, water activity, and product hygroscopicity. Although the solubility and colour
attributes tend to decrease, the resulting microcapsules have a smaller size with a smooth
and perfectly round surface shape. Therefore the use of MDE combined with AG and
BCD as a coating material is highly recommended in the manufacture of seatood flavour
enhancer microcapsules.

ACKNOWLEDGEMENTS

The research team would like to thank the Institute for Research and Community
Service, University of Muhammadiyah Semarang, which has funded this research
through the 2022 Penelitian Dosen Pratama scheme.

REFERENCES

Avila, L.; Rodriguez, M. C. and Velasquez, H. J. C. (2015). Influence of maltodextrin
and spray drying process conditions on sugarcane juice powder quality. Revista
Facultad Nacional de Agronomia Medellin, 68(1): 7509-7520.

Bu, Y.; He, W.; Zhu, L.; Zhu, W.; Li, J.; Liu, H. and Li, X. (2021). Effects of
different wall materials on stability and umami release of microcapsules of Maillard
reaction products derived from Aloididae aloidi. International Journal of Food
Science and Technology, 56 (12): 6484-6496.

Caparino, O. A.; Tang, J.; Nindo, C. L; Sablani, S. S.; Powers, J. R. and Fellman, J.
K. (2012). Effect of drying methods on the physical properties and microstructures
of mango (Philippine “Carabao” var.) powder. Journal of Food Enginering, 111(1):
135-148.

Charoenlap, N., Dharmsthiti, S., Sirisansaneeyakul, S., and Lertsiri, S. (2004).
Optimization of cyclodextrin production from sago starch. Bioresource Technology,
92 (1): 49-54.

Chew, S. C.; Tan, C. P. and Nyam, K. L. (2018). Microencapsulation of refined kenaf
(Hibiscus cannabinus L.) seed oil by spray drying using pB-cyclodextrin/gum
Arabic/sodium caseinate. Journal of Food Engineering, 237: 78-85.

Deng, C.; Cao, C.; Zhang, Y.; Hu, J.; Gong, Y.; Zheng, M. and Zhou, Y. (2022).
Formation and stabilization mechanism of B-cyclodextrin inclusion complex with
C10 aroma molecules. Food Hydroclloids, 123: 107013.

Dewinta, A. F.; Susetya, I. E. and Suriani, M. (2020). Nutritional profile of Sargassum
sp. from Pane Island, Tapanuli Tengah as a component of functional food. Journal of
Physics: Confrence Series, 1542: 012040.

Dickinson, E. (2009). Hydrocolloids as emulsifiers and emulsion stabilizers. Food
Hydrocolloids, 23(6): 1473—-1482.




819 Microencapsulation of seafood flavor enhancers from Indonesian brown seaweed

Fernandes, R. V. d. B.; Borges, S. V. and Botrel, D. A. (2014). Gum arabic/ starch/
maltodextrin/ inulin as wall materials on the microencapsulation of rosemary
essential oil. Carbohydrate Polymers, 101: 524-532.

Ghandi, A.; Powel, I. B.; Chen, X. D. and Adhikari, B. (2012). The effect of dryer
inlet and outlet air temperature and protectant solids on the survival of Lactococcus
lactics during spray drying. Drying Technology, 30 (4): 1649-1657.

Hutching, J. B. (1999). Food Color and Appearance 2™ ed. A Chapman and Hall Food
Science Book, an Aspen Publ. Gaithersburg, Maryland.

Krishnaswamy, K.; Orsat, V. and Thangavel, K. (2012). Synthesis and
characterization of nano-encapsulated catechin by molecular inclusion with beta-
cyclodextrin. Journal of Food Engineering, 111 (2): 255-264.

Laokuldilok, N.; Thakeow, P.; Kopermsub, P. and Utama-Ang, N. (2016).
Optimisation of microencapsulation of turmeric extract for masking flavour. Food
Chemistry, 194: 695-704.

Larasati, B. P.; Ananingsih, V. K.; Hartayanie, L. and Pratiwi, A. R. (2019). Effect
of deep-fat frying to the glutamic acid content in Spirulina sp. granule flavor
enhancer. Jurnal Aplikasi Teknologi Pangan, 8(2): 74-79.

Mahdi A. A.; Mohammed, J. K.; Al-Ansi, W.; Ghaleb A. D. S.; Al-Magtari, Q. A.
Ma, M.; Ahmed, M. I. and Wang, H. (2020). Microencapsulation of fingered citron
extract with gum arabic, modified starch, whey protein, and maltodextrin using spray
drying. International Journal of Biological Macromolecules, 151: 1125-1134.

Manickavasagan, A.; Thangavel, K.; Dev, S. R. S.; Delfiya, D. S. A.; Nambi, E.;
Osrat, V. and Raghavan, G. S. V. (2015). Physicochemical characteristics of date
powder produced in a pilot-scale spray dryer. Drying Technology, 33(9): 1114-1123.

Mayasari, E.; Saloko, S.; Lestari, O. A. and Ulfa, M. (2020). Effect of inlet air
temperature on the properties of spray dried san-sakng (Albertisia papuana Becc.)
leaf. Turkish Journal of Agricultural — Food Science and Technology, 8(6): 1245-
1249.

Milinovic, J.; Campos, B.; Mata, P.; Diniz, M. and Noronha, J. P. (2020). Umami
free amino acids in edible green, red, and brown seaweeds from the Portuguese
seashore. Journal of Applied Phycology,32: 3331-3339.

Mouritsen, O. G.; Deulund, L.; Petersen, M. A.; Hartmann, A. L. and Frest, M. B.
(2019). Umami taste, free amino acid compotition, and volatile compounds of brown
seaweeds. Journal of Applied Phycology, 31: 1213-1232.

Mouritsen, O. G.; Williams, L.; Bjerregaard, R. and Duelund, L. (2012). Seaweeds
for umami flavour in the new Nordic cuisine. Flavour, 1(4): 1-12.

Nurhidajah.; Pranata, B.; Yusuf, M.; Sya’di, Y. K. and Yonata, D. (2021).
Microencapsulation of umami flavor enhancer from Indonesian waters brown
seaweed. Current Research in Nutrition and Food Science, 10 (1): 349-359.




820 Aminah ef al., 2023

Pasrija, D.; Ezhilarasi, P. N.; Indrani, D. and Anandharamakrishnan, (2015).
Microencapsulation of green tea polyphenols and its effect on incorporated bread
quality. LWT — Food Science and Technology, 64(1): 289-296.

Pellicer, J. A.; Fortea, M. I; Trabal, J.; Rodriguez-Lépeza, M. I.; Gabaldé, J. A.
and Nuiiez-Delicadoa, E. (2019). Stability of microencapsulated strawberry flavour
by spray drying, freeze drying and fluid bed. Powder Technology, 347: 179-185.

Pratiwi, A. R.; Fadlillah, I.; Ananingsih, V. K. and Meiliana. (2021). Protein and
amino acid of edible Sargassum aquifolium, Ulva lactuca, dan Gracilariopsis
longissmia. Jurnal Pengolahan Hasil Perikanan Indonesia, 24(3): 337-346.

Puspita, M.; Setyawidati, N. A. R.; Stiger-Pouvreau, V.; Vandanjon, L.; Widowati,
I.; Radjasa, O. K.; Bedoux, G. and Bourgougnon, N. (2020). Indonesian
Sargassum species bioprospecting: potential applications of bioactive compounds
and challenge for sustainable development. Advances in Botanical Research, 95:
113-161.

Quispe-Condori, S.; Saldana, M. D. A. and Temelli, F. (2011). Microencapsulation of
flax oil with zein using spray and freeze drying. LWT — Food Science and
Technology, 44(9): 1880-1887.

Reineccius, T. A.; Reineccius, G. A. and Peppard, T. L. (2002). Encapsulation of
flavour using cyclodextrins: comparison of flavour retention in alpha, beta and
gamma types. Journal Food Science, 9: 3271-3279.

Saffarionpour, S. (2019). Nanoencapsulation of hydrophobic food flavor ingredients and
their cyclodextrin inclusion complexes. Food and Bioprocess Technology, 12: 1157-
1173.

Suparmi.; Dewita.; Desmelati. and Hidayat, T. (2021). Study of the making of
hydrolizate protein powder of rebon shrimp as a food nutrition enhancement
ingredient. Pharmacognosy Journal, 13(5): 1180-1185.

Szente, L. and Szejtli, J. (2004). Cyclodextrin as food ingredients. Trens in Food Science
& Technology, 15(3-4): 147-142.

Tonon, R. V.; Brabet, C. and Hubinger, M. D. (2010). Anthocyanin stability and
antioxidant activity of spray-dried acai (Euterpe oleracea Mart.) juice produced with
different carrier agents. Food Research International, 43(3): 907-914.

Truong, V.; Bhandari, B. R. and Howes, T. (2005). Moisture and glass optimization of
co-current spray drying process of sugar rich foods: Transition temperature profile
during drying. Journal of Food Engineering, 71: 55-65.

Vidovic, S. S.; Vladic, J. Z.; Vastag, Z. G.; Zekovic, Z. P. and Popovic, L. M. (2014).
Maltodextrin as a carrier of health benefit compounds in Satureja montana dry
powder extract obtained by spray drying technique. Powder Technology, 258: 209-
215.

Vieira, E.F.; Soares, C.; Machado, S.; Correia, M.; Ramalhosa, M. J.; Oliva-teles,
M.T.; Carvalho, A. P.; Domingues, V. F.; Antunes, F.; Oliveira, T. A. C,;




821 Microencapsulation of seafood flavor enhancers from Indonesian brown seaweed

Morais, S. and Delerue-Matos, C. (2018). Seaweeds from the Portuguese coast as a
source of proteinaceous material: Total and free amino acid composition profile.
Food Chemistry, 15: 264-275.

Wang, Y. and Selomulya, C. (2020). Spray drying strategy for encapsulation of
bioactive peptide powders for food application. Advanced Powder Technology, 31
(1): 409-415.

Yusuf, M.; Yonata, D.; Pranata, B. and Nurhidajah. (2021). Utilization of swimming
crab by-products as a seafood flavor microcapsules obtained by spray drying. AACL
Bioflux, 15(2): 716-724.

Zhou, L-Y.; Li, W.; Pan, W-].; Sajid, H.; Wang, Y.; Guo, W-Q.; Cai, Z-N.; Wang,
D-D.; Yang, W-W. and Chen, Y. (2017). Effects of thermal processing on
nutritional characteristics and non-volatile flavor components from tricholoma
lobayense. Emirates Journal of Food & Agriculture, 29(4): 285-292.

Zhu, G.; Zhu, G. and Xiao, Z.(2019). A review of the production of slow-release flavor
by formation inclusion complex with cyclodextrins and their derivatives. Journal of
Inclusion Phenomena and Macrocyclic Chemistry, 95: 17-33.




Microencapsulation of seafood flavor enhancers from

Indonesian brown seaweed with maltodextrin, Arabic gum,
and [3-cyclodextrin

ORIGINALITY REPORT

11. 8.« S 1o

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

eprints.utm.my

Internet Source

T

Www.jesc.ac.cn

Internet Source

T

Diode Yonata, Boby Pranata, Siti Aminah.
"Effect of Addition Fermented Cabbage
Extract on Antioxidant Activity and
Antinutritional Compounds of Foxtail Millet
Flour", Jurnal Teknik Pertanian Lampung
(Journal of Agricultural Engineering), 2022

Publication

T

Submitted to Academic Library Consortium
Student Paper

T

o

Osorio, Coralia, Baudilio Acevedo, Silke
Hillebrand, José Carriazo, Peter Winterhalter,
and Alicia Lucia Morales. "Microencapsulation
by Spray-Drying of Anthocyanin Pigments
from Corozo (Bactris guineensis) Fruit",

T



Journal of Agricultural and Food Chemistry,
2010.

Publication

revistas.unal.edu.co

Internet Source

(K

Ulin Antobelli Basilio Cortes, Miguel Chavez
Gutiérrez, Daniel Gonzalez Mendoza, Lourdes
Gonzalez Salitre et al. "Microencapsulation
and antimicrobial activity of extract acetone-
methanol of Hibiscus sabdariffa L. using a
blend modified starch and pectin as a wall
material", Industrial Crops and Products, 2021

Publication

<1%

Gonzalez-Barreiro, C, R Rial-Otero, ] Simal-
Gandara, G Astray, A Cid, ] Mejuto, ] Manso,
and ] Morales. "Starch-Derived Cyclodextrins
and Their Future in the Food Biopolymer
Industry", Starch-Based Polymeric Materials
and Nanocomposites Chemistry Processing
and Applications, 2012.

Publication

<1%

www.downloadmaghaleh.com

Internet Source

<1%

Xin Ying, Jiaxing Gao, Jing Lu, Changlu Ma,
Jiaping Lv, Benu Adhikari, Bo Wang.
"Preparation and drying of water-in-oil-in-
water (W/O/W) double emulsion to
encapsulate soy peptides", Food Research

<1%



International, 2021

Publication

chembioagro.springeropen.com

Internet Source g p g p <1 %

aruda.ristekbrin.go.id

%ternetSource g <1 %
hdl.handle.net

Internet Source <1 %
0js.pnb.ac.id

IngerneESource <1 %

Comin, L.M.. "Barley @b-glucan aerogels as a <1 o
carrier for flax oil via supercritical CO"2", ’
Journal of Food Engineering, 201208
Publication

Ferhan Balci-Torun, Feramuz Ozdemir. <1 y
"Encapsulation of strawberry flavour and ’
physicochemical characterization of the
encapsulated powders", Powder Technology,
2021
Publication
dergipark.org.tr

Interngtgurce g <1 %
ogma.newcastle.edu.au

Int%rnetSource <1 %

"Plant Nanobionics", Springer Science and <1 y

0

Business Media LLC, 2019



Publication

Ratti, C... "Freeze drying for food powder <1 o

production”, Handbook of food powders,

2013.

Publication
ki <7
Stzgggi.rgondiuni.edu.in <1 o
Ifnwgrlr;etﬂ?oi:ic-!orraine.fr <1 o
b edu.my <1y
Ii:ts;r;(!ct)Seoruircczies-prod.Iiteratumonline.com <1 o
JesteC . aylors.edu.my <7
ondns.com <7«
e nejoyo-acic <7«
S e menperin.£0.(d <Tw
Lanpves <7




B
—

trepo.tuni.fi

Internet Source

<1%

www.ncbi.nlm.nih.gov

Internet Source

<1%

Xiaoyuan Wang, Yahong Yuan, Tianli Yue. "The

application of starch-based ingredients in
flavor encapsulation”, Starch - Starke, 2015

Publication

<1%

Jelena Milinovic, Paulina Mata, Mario Diniz,
Jodo Paulo Noronha. "Umami taste in edible
seaweeds: The current comprehension and
perception”, International Journal of
Gastronomy and Food Science, 2020

Publication

<1%

Pasrija, D., P.N. Ezhilarasi, D. Indrani, and C.
Anandharamakrishnan. "Microencapsulation
of green tea polyphenols and its effect on
incorporated bread quality", LWT - Food
Science and Technology, 2015.

Publication

<1%

Exclude quotes Off Exclude matches Off

Exclude bibliography On



